To meet the requirement of high-quality transmission of videos captured by unmanned aerial vehicles (UAV) with low bandwidth, a novel rate control (RC) scheme based on region-ofinterest (ROI) is proposed. First, the ROI information is sent to the encoder with the latest high efficient video coding (HEVC) standard to generate an ROI map. Then, by using the ROI map, bit allocation methods are developed at frame level and large coding unit (LCU) level, to avoid inaccurate bit allocation produced by camera movement. At last, by using a better robustness R- model, the quantization parameter (QP) for each LCU is calculated. The experimental results show that the proposed RC method can get a lower bit rate error and a higher quality for reconstructed video by choosing appropriate pixel weight on the HEVC platform
Introduction
Unmanned aerial vehicles (UAVs) equipped with surveillance systems have been widely used in military missions and civilian domains [1, 2] . The huge data has posed big challenges for the video compression systems on the UAVs. Rate control (RC) plays a major role in video coding. By using RC, better video quality can be achieved without violating the constraints imposed by the available channel bandwidth or memory requirement. Many valuable results about RC algorithms based on region-of-interest (ROI) have been published [3] [4] [5] [6] . The methods in Refs. [3] - [6] are developed for different preceding compression standards, which are not suitable for the latest high efficiency video coding (HEVC) standard with the flexible picture partition and some other techniques [7] [8] [9] . Moreover, they are designed for low-resolution videos, which are not suitable for high-resolution and high-frame-rate video services, such as UAV videos. Although some RC methods [10, 11] are proposed for HEVC at high resolutions, these methods compute the quantization parameter (QP) with a quadratic model, which may degrade the video quality due to the inaccurate bit allocation, and has been replaced by the R-λ model with better robustness for HEVC [12, 13] . ROI based RC approaches with R- model [14, 15] have already been applied in the video conferencing application. However, objects' diversity and uncertainty of an aerial video in various missions make ROI detection more difficult than the single type ROI in video conferencing. Furthermore, the ratio of bit allocation between every picture in one group of picture (GOP) is inflexible and predetermined in the previous schemes, which cannot meet the videos captured by high speed UAVs.
The Framework of The ROI
In this paper, we design a novel RC scheme which is appropriate for the high-resolution and highframe-rate UAV video coding in HEVC. It uses ROI map for bit allocation at frame level and large coding unit (LCU) level. The scheme allocates more bits to the frames with a larger ROI at frame level. In this way, the larger ROI can get enough coding bits to improve the quality of ROI. At LCU level, different numbers of bits are dynamically allocated to LCUs with the ROI map. It can avoid inaccurate bit allocation from local object motions or global camera motions. Then the QP for each LCU is calculated with the R- model. Experimental results show that in HEVC, the proposed ROI based RC scheme can significantly improve the performance compared with state-of-art methods. Fig.1 presents the overview of the proposed scheme. Firstly, the scheme generates an ROI map by using the objects detected in UAV videos. There are two classes of methods can be utilized to realize object detection. One is automatic detection based on computer vision, and the other is manual detection based on interactive information. After that, the RC module can make use of the generated ROI map to perform two efficient bit allocation methods at frame level and LCU level. Then R- model is applied to calculate the QP. Fig. 1 The framework of the ROI based rate control The previous ROI based RC schemes are designed for the conversational applications, in which ROI detections are mostly implemented for face detection or motion detection. The object detection method for specific application limits the applied scope and makes the detected ROI fairly inaccurate for non-conversational scenarios. Different from the single type object in conversation, many regions may be the ROI (such as pedestrian, road and vehicles) in an aerial video. The diversity and uncertainty of objects in various missions has posed big challenges to the ROI detection in the UAV videos.
Fortunately, many valuable results about salient objects detection methods have been published. A comprehensive survey of salient object detection can be found in Ref. [16] . Cheng et al [17] designed a good generic objectness measure method with high object detection rate. Moreover, the development of the researches on target detection for UAV in different applications [18] brings convenience to multi-objective extraction for UAV videos. On the other hand, the interaction and the real-time performance are the two key characteristics for the UAV system. Targets can be detected with simple interaction with users or other equipment's in the UAV system. The encoder obtains ROI with high quality by the manual detection to avoid a large amount of calculation and inaccuracy. After detecting ROI in one frame, pixels in ROI are assigned with weight value k, and pixels in non-ROI are assigned with a weight value 1, which can be expressed as (1) where RM is the ROI map at pixel level having the same size with the original frame, and (w, h) is the location of the pixel in the frame. Then, the ROI map is sent to HEVC encoder to guide an ROI based RC with an effective bit allocation method.
Since a human observer is the end-user of UAV video, enhancing the quality of ROI is an important task to improve the user satisfaction. As the overall coding and transmission resources are limited, allocating more bits on ROI while decreasing the quality of non-ROI is reasonable. Thus, the necessary bit stream can be reduced by allocating fewer bits for the less important parts. We introduce the proposed ROI based RC scheme with HEVC encoder for UAV videos. Bit allocation methods are applied in this scheme. At frame level bit allocation,
We allocate bits to each frame in the GOP according to the frame weight measured by the ROI map at frame level. Similarly, RC scheme allocates bits to each LCU in the frame in accordance with their importance measured by the ROI map at LCU level.
In the traditional R- method [12] , the ratio of bit allocation between each picture in one GOP is determined by bit per pixel (BPP). Obviously, BPP value ignores the characteristics of video content, since it only depends on the bandwidth, frame rate and resolution. Hence, the BPP value used as a weight performs poorly at frame level bit allocation. Then, the problem of frame level bit allocation can be solved by the ratio between the Varangian multiplier (  ) values which are derived from R- method [13] .However, the ratio of  within each GOP is fixed. It cannot adapt to the changeful aerial video well, especially when the UAV flies rapidly or works in zoom state. When working in shortfocus mode for the target positioning, the ROI size is smaller. We can reduce the allocation bits to improve the compression ratio. On the contrary, when working in long-focus mode to identify and observe target details, the ROI size is larger. We should increase the allocation bits to improve the satisfaction of observer. Therefore, in order to meet the requirement of the UAV application, the frame level bit allocation problem can be solved by the ratio between the ROI maps at frame level in a GOP. The ROI map at frame level F [i] can be expressed as (2) where F [i] represents the bit allocation weight of the ith frame in the current GOP, H and W are the height and width of one frame, and NROI[i] is the number of pixels in the ROI of the current frame. Then RC scheme allocates bits adaptively for each frame in the GOP according to their importance measured by F [i] . More bits are allocated to more important frames to improve the quality of video. Fewer bits are allocated to less important to improve the compression ratio. Then, the target bits for the ith frame in the current GOP can be achieved by (3) where Tf [i] is the target bits to be allocated for the ith frame in the current GOP, TGOP,rem is the remaining bits used to encode the rest of frames in the current GOP, and F rem is the sum of weight for the rest frames in the current GOP.
Mean absolute difference (MAD) of the LCU at the same position in the previously decoded frame is used as a weight at LCU level bit allocation in the typical RC algorithm [12] . However, MAD of the previous LCU may be quite different from the MAD of the current one with the high speed movement of UAV. Thus the MAD performs poorly at LCU level bit allocation. Gradient of the current LCU was used to allocate the bit at LCU level in Ref. [19] , as it can be obtained directly from the current LCU. Instead of the gradient weight, we use ROI information of the current LCU to allocate bits at LCU level. The quality of ROI can be controlled flexibly by adjusting the pixel weight in the ROIs. The ROI map at LCU level L [i, j] can be expressed as (4) where L [i, j] represents the bit allocation weight of the jth LCU in the ith frame, H[j] and W [j] are the height and width of the jth LCU, rj and cj are row and column position of the top left corner of the jth LCU in ith frame, and NROI[i, j] is the number of pixels in the ROI of the jth LCU. The LCU with larger ROI means that it is more important and it needs more protections during video transmission.
Once the target bits for the ith frame are allocated, the target bits for LCU denoted by TLCU[i, j] can be achieved with the ROI map at LCU level as (5) where L rem is the weight of the rest LCU in the current frame, and Tf,rem is the remaining bits used to encode the rest of LCUs in the current frame. Clearly, the quality of ROI can be emphasized, since more target bits are allocated through Eq. (5) with high values of L [i, j] in ROI. We can flexibly control the quality of ROI by adjusting the value of k in Eq. (1) . In this way, more bits are allocated to ROI for ensuring better perceived quality.  can be derived from TLCU[i, j] by R- model as (6) Where  and  are initialized as 3.2003 and −1.367, respectively, and then updated by least square regression once a coded picture is available. From  , QP is finally obtained by (7) 3. Experimental Results Fig. 2 shows the RD curves of HM16.0 and our algorithm in ROI, non-ROI and whole regions. It is observed that our approach outperforms HM 16.0 at various bitrates in terms of average Y-PSNR of the ROI. As for the cost, the RD performance of non-ROI may be degraded. However, thanks to the human vision system (HVS), people pay more attention to ROI, and the reduction of visual quality outside ROI is almost unnoticeable. Consequently, the degraded RD performance of non-ROI has few negative effects on the perceived visual quality of the entire frame. Fig. 2 RD performance comparison between the HM16.0 and our algorithm in ROI, non-ROI and whole regions Fig. 3 demonstrates the reconstructed frame of the UAV video sequence compressed at 1 000 kbit/s obtained by HM16.0 and our algorithm. As expected, our approach can yield more favorable visual quality in the whole frame, since the visual quality in the ROI is improved and that in non-ROI is reduced almost unnoticeably, which can be seen in the amplified block in Fig.3 . At last, we compare the results of our scheme with different k and the gradient based R- (GRL) method [19] in the aspect of PSNR increase (ΔPSNR) on HM16.0 in ROI. As shown in Fig.4 , the larger k leads to the bigger increase of PSNR in ROI. This means that our scheme can flexibly control the quality of ROI by adjusting the k value. 
Conclusion
In this paper, we put forward an ROI based RC scheme in HEVC standard. The scheme is developed for UAV applications. A more efficient and accurate ROI information can be obtained for real-time encoder through the salient object detection method and the interaction of UAV. More bits are assigned to the frame which contains larger ROI to adapt with the fast changing scene as the UAV flies at high speed. Bits are adaptively allocated with the ROI map at LCU level in order to improve the quality of the ROI. The quality of ROI can be flexibly controlled by using appropriate pixel weight in the ROI, and the R- model with a better robustness is used to get a proper QP. The experimental results demonstrate that the reconstructed video quality is improved, and the bitrate error is reduced. Hence, the proposed RC scheme has potential value to be applied in UAV applications.
